Background The relationship between alcohol intake and the risk for gastric cancer is not fully understood. The association between alcohol consumption and the risk for gastric cancer was investigated in the Korean population with the ALDH2 genotype. From 2003From to 2008 patients with gastric cancer and 370 control subjects 550 years of age were included in the analysis. Logistic regression models including age, gender, education, smoking and drinking status, Helicobacter pylori infection and ALDH2 genotype were evaluated to estimate the adjusted odds ratios (ORs) for the development of gastric cancer.
Background The relationship between alcohol intake and the risk for gastric cancer is not fully understood. The association between alcohol consumption and the risk for gastric cancer was investigated in the Korean population with the ALDH2 genotype.
Methods

From 2003 to 2008
, 445 patients with gastric cancer and 370 control subjects 550 years of age were included in the analysis. Logistic regression models including age, gender, education, smoking and drinking status, Helicobacter pylori infection and ALDH2 genotype were evaluated to estimate the adjusted odds ratios (ORs) for the development of gastric cancer.
Results
For all subjects, the risk for gastric cancer was increased in ex-drinkers [OR 1.68, 95% confidence interval (CI) 1.07-2.64], but not in current drinkers. Subjects with inactive ALDH2 *2 allele(s) showed a lower level of alcohol consumption than ALDH2 *1/*1 homozygotes (P < 0.001). Among the ALDH2 *1/*2 carriers (n ¼ 243), current/ex-drinkers had a significantly increased risk for gastric cancer compared with never/rare drinkers (OR 2.80, 95% CI 1.51-5.19). Among heavy drinkers (n ¼ 115), ALDH2 *1/*2 heterozygotes had a 4-fold increased risk for gastric cancer compared with *1/*1 homozygotes (OR 4.26, 95% CI 1.10-16.47); however, no risk increase was seen among never/rare drinkers.
Introduction
A causal association has been established between alcohol consumption and several cancers such as cancer of the oral cavity, pharynx, larynx, oesophagus and liver. [1] [2] Recently, evidence has also implicated alcohol consumption as correlated with breast cancer, and probably colon and rectal cancer. 2 However, the relationship between alcohol intake and the risk for stomach cancer remains unconfirmed. 3 The effects of alcohol are modulated by polymorphisms in genes-encoding enzymes for ethanol metabolism (e.g. alcohol dehydrogenases, aldehyde dehydrogenases and cytochrome P450 2E1). 1 Among them, the genotype frequencies of the aldehyde dehydrogenase 2 (ALDH2) polymorphism vary in the different ethnic groups. Although nearly all Caucasians and Southeast Asians carry the active ALDH2 *1/*1 genotype, the inactive ALDH2 *2 allele is frequently observed in East Asian populations that have 30% ALDH2 *1/*2 heterozygosity and 5-10% ALDH2 *2/*2 homozygosity. 4, 5 It is known that there are considerable differences in alcohol consumption according to the ALDH2 genotype. 6 Interestingly, ALDH2 genotype distribution is not affected by age and cigarette smoking, which are known to be associated with alcohol consumption. 7 According to the Mendelian randomization approach, a functional genetic variant acts as a proxy for an environmental exposure and can provide a means of ruling out uncontrolled confounding, reverse causation and selection bias. 7 Therefore, studying the ALDH2 distribution mimics studying the effect of the alcohol exposure in an unconfounded manner.
On the other hand, it has been suggested that alcohol is more carcinogenic in persons who possess the ALDH2 *1/*2 genotype. In the case of oesophageal cancer, several lines of evidence from studies performed in the East Asian countries, especially from Japan and China, have shown a relationship between the inactive ALDH2 *2 allele(s) and oesophageal cancer. [8] [9] [10] [11] From these results, the International Agency for Research on Cancer (IARC) has recently concluded that the heterozygous (ALDH2 *1/*2) genotype contributes substantially to oesophageal carcinogenesis via acetaldehydemia derived from the metabolism of ethanol in alcoholic beverages. 1 The ALDH2 polymorphism has been thought to modify the susceptibility to the development of gastric cancer associated with alcohol intake, but as of now only a small amount of evidence has been found to support this. [12] [13] [14] Although the global incidence is declining, gastric cancer is one of the leading causes of cancer-related deaths worldwide; gastric cancer still has the highest cancer incidence in Korea. 15 In the Korean population, the frequency of individuals with heterozygous ALDH2 *2 is $20-25%, and individuals with the homozygous ALDH2 *2 account for 5%. 5, 16 The goal of this study was to investigate the risk for gastric cancer in relation to alcohol intake in the Korean population. In addition, we attempted to estimate whether carrying ALDH2 *2 allele(s) can modify gastric carcinogenesis among drinkers.
Materials and methods
Subjects
Enrolment of 445 patients with primary gastric cancer and 370 control subjects who were 550 years of age was carried out at Seoul National University Bundang Hospital from 2003 to 2008. Most of the patients enrolled were from a study pool of a hospital-based case-control study on gastric cancer. All subjects were of Korean origin, had undergone standard upper gastrointestinal endoscopy with Helicobacter pylori testing and provided information on their smoking and drinking status. The allocation of controls and cases had been determined based on the endoscopic findings. All cases were identified as having incident gastric adenocarcinoma histologically; 490% of them had non-cardiac gastric cancer, and nearly one-third of them had diffuse type histology. Controls were enrolled among subjects who had undergone standard gastroscopy with H. pylori tests as a part of a screening programme for premalignant gastric mucosa lesions or gastric cancer, with no specific findings except simple gastritis. About one-half of the control subjects had dyspeptic symptoms at the time of enrolment. The study protocol was approved by the Ethical Committee at Seoul National University Bundang Hospital.
All subjects who provided informed consent were asked to complete a questionnaire under the supervision of a well-trained interviewer. The questionnaire included questions regarding demographics (age, gender), socio-economic status (smoking, drinking and education level) and history of H. pylori eradication therapy. To determine the average alcohol intake, each subject was asked to report the frequency of drinking and the average amount ingested each time they drank expressed as the number of glasses of Korea's most popular alcoholic beverage, 'Soju' or beer. The total standard units (1 U ¼ 12 g of ethanol) of alcohol consumed per week were then calculated. The subjects were classified as never/rare drinkers (0-1.9 U/week) or ex-drinkers or current drinkers who consumed 2-11.9 U/week (light drinkers) or 512 U/week (heavy drinkers).
Helicobacter pylori testing and histology
To determine the presence of a current H. pylori infection, 10 biopsy specimens were obtained for three types of H. pylori testing (histology, CLO test and culture) as described previously. 17 If any one of these endoscopy-based tests was positive, the specimen was regarded as a current active H. pylori infection. Anti-H. pylori immunoglobulin G was also determined qualitatively using an enzyme-linked immunosorbent (ELISA) assay (Genedia H. pylori ELISA; Green Cross Medical Science Corp, Eumseong, Korea), especially when the three aforementioned H. pylori tests were negative. If the H. pylori serology was positive but no bacteria were found on histology, CLO test or culture, the diagnosis was a past H. pylori infection without current ongoing infection and the case was also classified as H. pylori positive.
Determination of the ALDH2 genotype Genomic DNA was extracted directly from the antral biopsy specimens, and polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) methods were used to determine the ALDH2 genotype, as described previously. 18 The primer sequences for PCR were 5 0 -CAAATTACAGGGTCAACTGCT-3 0 (sense) and 5
0 -CCACACTCACAGTTTTCTCTT-3 0 (antisense). Thirty-five cycles of PCR (denaturation at 948C for 30 s, annealing at 588C for 45 s and polymerization at 728C for 30 s) were performed using a Perkin Elmer model 9600 (Perkin Elmer Co., Norwalk, CT, USA). After purification, each PCR product was digested with MboII, electrophoresed on a 20% polyacrylamide gel and stained with ethidium bromide.
Statistical analysis
Data were analysed using the Pearson 2 test or a multivariate logistic regression model. The allele frequency was determined by direct counting, and deviation of the ALDH2 genotype distribution from Hardy-Weinberg equilibrium was analysed by the 2 test. Next, unconditional logistic regression analysis was performed including terms for age, gender, H. pylori status, smoking and drinking status to evaluate the risk for gastric cancer with regard to the amount of alcohol drinking. In addition, the adjusted odds ratio (OR) was estimated for gastric cancer associated with the ALDH2 *2/*2 and *1/*2 genotypes using the homozygous wild-type genotype (*1/*1) as a reference group, stratified by the alcohol drinking status. The alcohol-ALDH2 genotype interaction on the risk for gastric cancer was evaluated at the multiplicative scale with the likelihood ratio test by including the product terms of the ALDH2 genotype (ALDH2 *1/*1 vs ALDH2 *1/*2) and drinking variable, as well as main effects and covariates in the model. ALDH2 *2/*2 carriers were excluded in the interaction analysis, because almost all of them (30 of 31) were never/rare drinkers. All analyses were performed using SPSS software (version 15.0, SPSS Inc., Chicago, IL, USA).
Results
Characteristics of the study subjects The distribution of clinical variables and the ALDH2 genotype in the gastric cancer cases and controls is shown in Table 1 . Considerable differences were observed for H. pylori infection, smoking and drinking status between the two groups. ALDH2 genotype distribution was in Hardy-Weinberg equilibrium among the cases as well as controls. Association between alcohol exposure and the risk for gastric cancer Modification of the risk for alcohol-related gastric carcinogenesis by the ALDH2 genotype Next, whether the distribution of clinical variables was different based on the categories of the ALDH2 genotype was evaluated (Table 3 ). The distribution of age, gender, H. pylori infection, smoking and education did not differ with respect to the ALDH2 genotypes. However, ALDH2 *1/*2 carriers showed a considerably lower level of alcohol consumption than those with the ALDH2 *1/*1 genotype (wild-type), and 495% of the ALDH2 *2/*2 carriers were never or rare drinkers. These findings suggest that the ALDH2 genotype determines the amount of alcohol intake independent of other clinical variables. Table 4 shows the association of the risk for gastric cancer with alcohol ingestion and the ALDH2 genotypes. The association between alcohol and gastric cancer differed according to the ALDH2 genotypes. Specifically, compared with the never/rare drinkers, the current/ex-drinkers with the ALDH2 *1/*2 genotype had a 2.8-fold increased risk for gastric cancer (OR 2.80, 95% CI 1.51-5.19). Table 5 shows that the risk for gastric cancer was lower among ALDH2 *2/*2 homozygotes compared with the *1/*1 homozygotes. However, the 95% CI includes 1 (OR 0.64, 95% CI 0.30-1.37); this may be due to the small sample size of ALDH2 *2/*2 carriers. In addition, when heterozygotes were compared with the *1/*1 among never/rare drinkers, there was no difference in the risk for gastric cancer. Among the current or ex-drinkers (n ¼ 361), however, the risk for gastric cancer was increased in the ALDH2 *1/*2 carriers compared with the *1/*1 homozygotes (OR 2.36, 95% CI 1.28-4.36). There was an interaction between drinking status (never/rare vs current/ex-drinker) and ALDH2 genotype (ALDH2 *1/*1 vs ALDH2 *1/*2, P interaction ¼ 0.048). Furthermore, among the heavy drinkers (n ¼ 115), the heterozygotes had a 4-fold increased risk for gastric cancer compared with the *1/*1 homozygote carriers (OR 4.26, 95% CI 1.10-16.47). Never/rare drinker refers to a non-drinker or one who drinks <2 U/week; light drinker <12 U/week; heavy drinker 512 U/week (1 U ¼ 12 g of ethanol). 
Discussion
Although several lines of study have shown a relationship between alcohol and gastric cancer, [19] [20] there is no consistent evidence showing that alcohol ingestion alters the risk for gastric cancer. 3, 21 In this study, the association between alcohol intake and the risk for gastric cancer in the Korean population was investigated. The data showed that ex-drinkers had a 1.7-fold increased risk for gastric cancer compared with the never/rare drinkers (Table 2) ; however, a dose-response relationship between alcohol consumption and the risk for gastric cancer was not observed. In addition, women were more affected by alcohol than men with regard to gastric carcinogenesis; this might be explained by the relatively small body surface area in women or the influence of hormones. Alcohol is known to increase oestrogen responsiveness, and it has been suggested that hormonal factors were associated with female gastric cancer patients, especially in the young age group. 22 In the present study, only subjects 450 years of age were enrolled. However, there has been little evidence of the sex difference in gastric cancer susceptibility in the elderly. In addition, the sex difference in disease susceptibility is sometimes overemphasized in the literature. 23 Therefore, further study is necessary with regard to The significance of the interaction term was determined using a likelihood ratio test, with the full model containing the interaction term, the main effect of ALDH2 genotype (ALDH2 *1/*1 vs ALDH2 *1/*2) and the exposure (drinking) variable, and the covariates (age, gender, H. pylori infection, smoking and school education) and the reduced model lacking the interaction term. Never/rare drinker refers to a non-drinker or one who drinks <2 U/week; light drinker <12 U/week; heavy drinker 512 U/week (1 U ¼ 12 g of ethanol).
the sex difference in susceptibility to alcohol-related gastric carcinogenesis. In general, it is not easy to estimate the lifetime alcohol exposure of an individual. 24 Alcohol consumption tends to be correlated with many other lifestyle factors, such as smoking and dietary habits which can also be associated with disease. In addition, reverse causality is often a problem in observational studies; the level of alcohol exposure may diminish as an individual ages or becomes ill, which can lead to an underestimation of the disease risk. 25 Furthermore, information bias can occur if case subjects report their exposure history differently when compared with control subjects. These factors may explain, in part, the reason why the data collected in this study did not show significant results with regard to the association between alcohol drinking and the risk for gastric cancer. On the other hand, Mendelian randomization provides a method for assessing the causality of some environmental exposures. 7, 24, 26, 27 The basic principle of Mendelian randomization is that genetic variants that determine a modifiable environmental exposure and alter the risk of certain diseases should be associated with the disease risk to the extent predicted by their influence on the exposure to the risk factor. 24 In the case of ALDH2, this polymorphism has been associated with alcohol exposure propensities; therefore, the determination of the ALDH2 genotype can be used as a reliable surrogate for the exposure to alcohol.
Alcohol is initially metabolized to an intermediate metabolite, acetaldehyde, which is further metabolized and then eliminated from the body. The major enzyme responsible for the elimination of acetaldehyde is aldehyde dehydrogenase 2 (ALDH2). 28 A single-point mutation of ALDH2 results in the ALDH2 *2 allele, which is translated into an inactive protein subunit. The resultant protein has an amino acid substitution from glutamic acid (glutamate) to lysine at residue 487, leads to an inability to metabolize acetaldehyde and causes the accumulation of acetaldehyde after the ingestion of alcohol. 29 One study has reported that peak blood acetaldehyde concentrations after an alcohol challenge were 18 and 5 times higher, respectively, among homozygous ALDH2 *2 variants and heterozygous variants, respectively, compared with homozygous wild-type individuals. 30 Thus, homozygous *2/*2 carriers cannot oxidize acetaldehyde and experience severe acetaldehyde-related toxic reaction such as flushing, increased heart rate and nausea, which inhibits further alcohol intake. 29 Heterozygotes have a limited ability to metabolize acetaldehyde, but exhibit a less severe reaction than seen among *2/*2 homozygotes, which enables them to drink considerable amounts of alcohol.
The results of this study were consistent with the above. Our data showed that *1/*2 heterozygotes had a lower level of alcohol consumption than *1/*1 homozygotes (wild-type), and most of the ALDH2 *2/*2 carriers were never/rare drinkers (Table 3) . Therefore, the ALDH2 genotype can define groups with distinctively different levels of lifetime average alcohol intake without being affected by confounding factors such as H. pylori infection and smoking.
The impact of the ALDH2 genotype on alcoholinduced carcinogenesis has been well documented in studies of cancers of the upper aerodigestive tract, including oesophageal squamous cell carcinoma 25 and head and neck cancers. 31 That is, compared with the wild-type, the risk for oesophageal or head and neck cancer was reduced among the *2/*2 homozygotes, which was probably related to the markedly lower alcohol intake among the *2/*2 homozygotes. Among the *1/*2 heterozygotes, however, the risk was dependent on the drinking status. Among non-drinkers, there was no increase in risk for the *1/*2 vs *1/*1 carriers; among habitual drinkers, however, there was an increase in the risk. 25, 31 In the present study, the risk for gastric cancer was evaluated with respect to the ALDH2 genotype, stratified by alcohol intake. Previously, a Japanese study had shown a positive association between the ALDH2 *1/*2 genotype and the risk for gastric cancer among alcoholic Japanese men with oropharyngolaryngeal and/or oesophageal cancer. 12 In addition, the same group reported that chronic atrophic gastritis and the ALDH2 *1/*2 genotype were independently related to the risk for gastric cancer in alcoholic Japanese men; 13 however, women and non-drinkers were excluded in these studies. The results of this study were consistent with the Japanese data, as well as the studies on the ALDH2 genotype and oesophageal or head and neck cancers. Additionally, in the present study, non-drinkers and women, as well as alcoholic men, were enrolled and the risk factors for gastric cancer such as H. pylori infection, smoking and socio-economic status were also evaluated together with ALDH2 genotype. Furthermore, our data suggested that the ALDH2 polymorphisms could modify the susceptibility to the development of gastric cancer associated with alcohol intake, from the viewpoint of the Mendelian randomization approach (Tables 4 and 5 ). That is, the risk of gastric cancer showed a decrease among ALDH2 *2/*2 homozygotes compared with the *1/*1 homozygotes (OR 0.64, 95% CI 0.30-1.37; Table 5 ). However, further study in a larger population will be warranted in the future. Among current/ex-drinkers, the risk for gastric cancer in individuals with the ALDH2 *1/*2 genotype was significantly higher than those with the *1/*1 genotype when the amount of alcohol consumed was identical; among heavy drinkers, heterozygotes had a 4-fold increased risk for gastric cancer compared with the *1/*1 homozygotes (OR 4.26, 95% CI 1.10-16.47; Table 5 ). However, no risk increase was seen with regard to the ALDH2 genotypes among never/rare drinkers, which is consistent with the previous studies in oesophageal or head and neck cancers. Our findings suggested an alcohol-ALDH2 genotype interaction in gastric carcinogenesis.
In conclusion, the ALDH2 genotype can be used as a proxy of alcohol intake; it is independent of either smoking or H. pylori infection. In addition, this genetic polymorphism appears to be associated with the modification of the susceptibility to the development of gastric cancer induced by alcohol intake, especially in the presence of ALDH2 *1/*2 genotype. Additional studies are necessary to confirm these results.
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KEY MESSAGES
In this study, a dose-response relationship was not observed between alcohol intake and the risk for gastric cancer.
However, ALDH2 polymorphisms might modify the susceptibility to alcohol-induced gastric carcinogenesis.
Among heavy drinkers, heterozygotes (*1/*2) had a 4-fold increased risk for gastric cancer compared with *1/*1 homozygotes but no risk increase was seen among never/rare drinkers, which suggested an alcohol-ALDH2 genotype interaction.
The study might postulate the impact of acetaldehyde, as well as that of alcohol intake, on gastric carcinogenesis.
